Intussusception in adults is a rare clinical entity. The individual surgeon will not often encounter this condition. A lead-point for adult intussusception exists in 90% of cases and is frequently malignant. We present four cases and discuss treatment and diagnostic modalities. A comprehensive review of the literature is given. All cases were treated by resection according to oncologic principles without previous reduction. Histological examination showed non-Hodgkin lymphoma, lipoma, clear cell sarcoma and adenocarcinoma as the lead-points.
Introduction
Intussusception is defined as prolapse of a proximal bowel segment into a distal segment. It is rare in adults but relatively common in children. Childhood intussusceptions are idiopathic in 90% of cases and can safely be reduced. In adults, 1-5% of bowel obstructions are caused by intussusception. A causal lesion, the lead-point, is identified in 90% [1] [2] [3] [4] [5] [6] . Intraluminal masses cause abnormal peristaltic movements and therefore can be the lead-point for intussusception. Distinction must be made between small and large bowel intussusception. Large bowel intussusception is most frequently caused by malignant lesions (63-80%) [1] [2] [3] [4] [5] [6] . The small bowel accounts for only 3% of all gastro-intestinal malignancies [7] . Small bowel intussusception is less likely to be caused by a malignancy (14-47%). Benign causes include lipoma, leiomyoma, haemangioma, adhesions, Meckel's diverticulum, celiac disease, Henoch-Schönlein purpura, lymphadenitis, anastomosis, trauma or idiopathic [1] [2] [3] [4] [5] [6] . Intussusceptions usually present with symptoms of bowel obstruction (vomiting, nausea, abdominal distension, pain).
Blood loss or a palpable mass are present in a minority of cases. Symptoms can be acute, intermittent or chronic [1] [2] [3] [4] [5] [6] .
Case Reports
Patient A, a 86-year-old woman, was seen because of loss of appetite, weight loss of 10 kg, fatigue, and pain in the right lower abdomen since three months. She had no relevant medical history and did not use any medication. Physical examination revealed abundant peristalsis. A tender mass was palpated in the right lower abdomen. Laboratory findings only showed normocytic anemia. Intussusception of small bowel in the ascending colon was revealed by ultrasonography. The classical 'target sign' was seen; intestinal vascularization seemed intact with patent Doppler flow signals ( fig. 1) . On laparotomy, ileocolic intussusception was found. The intussuscepted small bowel was not reduced. Right hemicolectomy according to oncologic principles followed. Postoperative recovery was uncomplicated and the patient was discharged on the ninth postoperative day. Pathology confirmed ileocolic intussusception ( fig. 2) , based on a diffuse large B-cell lymphoma with a diameter of 7 cm in the wall of the distal ileum. No other localizations of lymphoma were found.
Patient B, a 42-year-old man, visited us because of progressive colicky pains since several months. There was no medical history. The right upper abdomen was tender without palpable lesions or signs of peritonitis. Laboratory results were normal. Ultrasonography was inconclusive. Computed tomography (CT) was performed, revealing ileocecal intussusception ( fig. 3) . On laparotomy, ileocecal intussusception with impending blow-out of the cecum was found. Resection without previous reduction followed. Recovery was uneventful and the patient was discharged seven days postoperatively. Pathologic evaluation showed that a polypoid lipoma of 3 cm in diameter was the lead-point for intussusception.
Patient C, a 57-year-old woman, was admitted to the hospital with severe pains in epigastrio, intermittently present for several months. No relevant medical history was present. Palpation was painful without signs of peritonitis. Laboratory results showed microcytic anemia. Ultrasonography revealed the 'target sign' in the right lower quadrant. CT clarified that the intussusception was of the ileo-ileal type. Primary resection of part of the small bowel without previous reduction was performed ( fig. 4) . Postoperative recovery was uneventful and she was discharged on the 4th postoperative day. Pathologic evaluation and FISH analysis showed that a clear cell sarcoma 2.5 cm in diameter was the cause.
Patient D, a 78-year-old man, complained of abdominal pains for several months. At age 35, appendectomy had been performed. Stools were normal, no other symptoms were reported. The right lower abdomen was tender with a palpable mass. Laboratory results were normal. Ultrasound revealed a mass without further differentiation. CT showed intussusception of the colon ascendens in the colon transversum without signs of obstruction. Elective right hemicolectomy without reduction was performed with stapled side-side ileo-transversostomy. The patient left the hospital six days postoperatively. Pathology showed stage II adenocarcinoma of the cecum 10 cm in diameter to be the lead-point.
Discussion
Symptoms of intussusception can be acute, intermittent or chronic. All patients described had complaints for several months. In two cases ultrasound revealed the 'target sign'. Ultrasonography has been described to be highly sensitive to diagnose intussusception (up to 100%) [8] . The classic ultrasonographic feature of intussusception is the visualization of two hypo-echoic bowel loops within each other, with an echogenic layer of mesenteric fat in between. On transverse section this produces the characteristic 'target' or 'doughnut sign' [8] (fig. 1 ). CT signs are virtually pathognomonic. CT is valuable when ultrasonography is inconclusive. Furthermore, CT can better distinguish the exact location of intussusception and may give additional information regarding spread of disease in case of malignancy [9] . Since endoscopy or barium colon examinations might cause reduction of the intussusception and manipulation of a possible malignancy, they should not be performed in diagnostic evaluation.
Non-Hodgkin lymphoma was the lead-point in case A. Lymphomas form approximately 25% of primary small bowel malignancies [7] and have been reported to cause intussusception by several authors, as have lipoma and adenocarcima [1] [2] [3] [4] [5] [6] . The clear cell sarcoma of the small bowel found in patient C is a very rare clinical entity with only six reported cases [10] . It has to be distinguished from GIST and (metastatic) melanoma by FISH analysis. The patient described had never had melanoma. We found no earlier report of a clear cell sarcoma causing intussusception.
In adult intussusception, laparotomy is mandatory because malignant lesions are frequently the lead-point. Oncologic resection should be performed. Intraoperative reduction of intussusception should not take place, to prevent possible tumor seeding in case of malignancy and to prevent damaging the bowel [1] [2] [4] [5] [6] .
Conclusions
Treatment of adult intussusception should consist of oncologic resection without previous reduction. Ultrasonography is the first choice in diagnosing intussusception because of its classical appearance and high accuracy. 
